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Abstract 
The world is heading towards an inevitable divide. The basis for division is trends in per capita income, rate of technological 
innovation, continued reliance on non-renewable sources of energy and thus, impact of per capita carbon emissions on the 
environment. The Environmental Kuznets Curve illustrates these trends and defines a county’s future towards Sustainable 
Development. This paper is an evaluation of 30 countries using the Environmental Kuznets Curve (EKC). EKC examines 
relationship between per capita income and environmental degradation as reflected in per capita CO2 emissions. Environmental 
Kuznets Curve has been plotted using data from 1960-2050. The paper shows these countries characterised as per their CO2 
emissions. It concludes by drawing attention to Asia and three other developing countries. In Asia, a lot can be implemented from 
experiences in South America and from the European Union. By 2050, many developing economies will transit from emerging 
market economies to developed status. The current century requires common goals in order to provide tomorrow’s sustainable 
environmental solutions. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The emerging pattern of growth reveals a growing divide between the economies of the West and those of the 
East. The West refers to the industrialized countries of North America, Western Europe, Australia, parts of Middle 
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East and Asia. The East refers to emerging Asian economies, Eastern Europe, Africa and parts of Latin America. 
The Western economies are investing in renewable energy and clean technology. The Eastern economies on the 
other hand have opened their markets for foreign investment, serve as manufacturing base for Western products and 
invest in non renewable sources of energy, primarily coal. This differentiation is explained by Environmental 




Figure 1: Environmental Kuznets Curve 
 
The Environmental Kuznets Curve is a hypothesis drawing relationship between indicators of per capita income 
and environmental degradation. As seen in the above model, during early stages of economic growth there is 
maximum environmental degradation. This shows the reliance on cheap energy which is non-renewable. It shows 
there is no demand for environmentally friendly products. This rises up to the turning point of the inverted U curve 
where increased level of income leads to demand for eco friendly products and slowing of environmental 
degradation. Here onwards scientific methods and role of technology is adopted to transform economy into a green 
economy. The input mix is altered to support eco-friendly methods of production. There is attention paid to 
emissions of greenhouse gasses in production process. Government policies are framed in favour of environment 
protection. The net effect is that increased levels of per capita income not only to improve standard of living but also 




Economies of the West have similar characteristics at a macro level. The EKC defines these through High 
Income levels with Low levels of Environmental Degradation. This feature is identical to a chain of developed 
nations with a varying mix of green initiatives. On the other hand economies of the East generally have Low Income 
levels suffering High levels of Environmental Degradation. This paper narrows Environmental Degradation to per 
capita carbon dioxide emissions. The trend of increasing per capita carbon dioxide emissions is directly proportional 
to increase in per capita income. Although, the U shaped EKC takes form with shift in dependence from fossil fuels 
to renewable sources of energy. This proves that carbon dioxide emission is a valid indicator in plotting the EKC. 
This is most evidently seen in developed nations. In 1998 Dijkgraaf and Vollebergh published a paper showing the 
inverted U shaped EKC using carbon dioxide as an indicator for OECD countries. Also, paper by Coondoo and 
Dinda in 2002 uses carbon dioxide emissions and per capita income as indicators of measurement for 88 countries 
from 1960 to 1990. 
Environmental Kuznets Curve provides absolute understanding of the way in which economies transit from a 
developing nation to a developed nation with minimum externalities. Below, the same has been illustrated using a 
table. Similar to a Game Theory model, the following table shows that box 4 is where every economy should aim to 
reach within time. In box 4, a given economy has attained a high per capita income with reduced levels of per capita 
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CO2 emissions. On the EKC such an economy would be located on the accelerating and right side of the slope. 
The paper begins with providing traditional box 4 examples, located in South America. These economies exhibit 
economic maturity through environmental sustainability. 
 
3. South America 
 
From 1960-2011, these countries have achieved sustainable growth through low per capita carbon emissions and 
high levels of per capita income. Brazil, Paraguay and Uruguay are three countries of South America which have 
made a conscious decision to keep their carbon emissions at a very low level. In 1960 per capita carbon emissions of 
Paraguay was 0.1 tons and in 2011 it was a negligible 0.7 tons. The per capita income in 2011 was $3635. This PCI 
is the highest amongst group of countries with per capita carbon emissions ranging from 0.0 to 0.9 tons from 1960-
2011. The reason for such impressive figures is the source of energy for electricity generation. Paraguay is the only 
country in the world consuming over 99.5% electricity powered by a hydroelectric power plant. Itaipu hydroelectric 
plant built on the Parana River, across Brazil-Paraguay border took 16 years to construct, from 1975 to 1991. In due 
course Paraguay has become net exporter of electricity. It exports over 45 terawatt-hours (TWh) of electricity. 
Uruguay the other hydro electric powered country uses home grown hydroelectric power. Just like Paraguay it has 
the highest per capita income amongst countries with per capita carbon emissions from 1.0 to 1.9 tons from 1960-
2011. The only time Uruguay crossed per capita carbon emissions of over 2.0 tons per capita was in 2008 at 2.4 
tons. The reason for this was due to underdevelopment of complete hydroelectricity capacity. Today, Uruguay has a 
renewable energy mix of hydro, biogas, wind and other sources of renewable energy. The unfulfilled required 
electricity in Uruguay is supplied from Argentina and Brazil. While Paraguay and Uruguay share close relations 
with Brazil, we must also look at Brazil as a BRIC nation.  
 
Table 1: Environmental Kuznets Curve: Game Theory 






In 2011, Brazil’s per capita income was $ 12593 with per capita carbon emissions at 2.1 tons per capita. It is a 
Portuguese speaking South American country displaying positive results employing hydroelectric plants as source of 
electricity. Probably the only reason Brazil has highest per capita carbon emissions amongst the three countries is 
due to the two active nuclear power plants in use and a proposed nuclear power plant with expected net electricity 
output of 1245 megawatt-hours. From 1960 to 2011, this is how Brazil’s Environmental Kuznets Curve shaped – 
 
Figure 2: Brazil’s EKC using PCI and CO2 emissions 
 
Source: Constructed using data from World data Bank website 
Low income 
       High CO2 
High Income 
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In order to construct the inverted- U shaped curve of Brazil’s EKC we shall now look at examples in Europe where 




The following graphs have been constructed using time line from 1960 to 2012 – 
The most visually appealing Curve is that of Germany. The German EKC shows an inverted U shaped Curve. The 
graph, spanning from 1970 to current time has risen from 7 metric tons per capita in 1970, peaked at 12.03 metric 
tons per capita in 1990 and ever since has been steadily declining to touch 9.5 metric ton carbon emissions per 
capita in 2011 with 45000 dollar per capita income. It is the ideal example of how an inverse U-shaped curve takes 
shape with rising per capita income resulting in drop in per capita CO2 emissions. 
 
Figure 3: Germany’s EKC using PCI and CO2 emissions 
 
Source: Constructed using data from World data Bank website 
 
Figure 4: Sweden’s EKC using PCI and CO2 emissions 
 
 
Source: Constructed using data from World data Bank website 
 
Sweden’s EKC shows the developed state of the economy. Sweden experienced upward moving trend of EKC 
from 1960 to 1970 and advanced state of the economy has made it capable to reduce CO2 emissions ever since. As 
of 2011 Sweden’s per capita income is 59000 dollars and per capita CO2 emissions are 6.5 metric tons. This shows 
that with a steady rise in per capita income environmental degradation recedes. 
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Susmita Dasgupta et al. in 2002 conclude that turning point of the inverted U-shaped EKC for single pollutants 
of air and water, covering a selected area, was between 5000 to 8000 dollars. In the case of CO2 emissions, the 
pollutant reflects the actions of an entire nation over a given time period. Hence, the turning point of such EKC 
would take place at a comparatively higher PCI level. Going by experience of the West it is thus safe to conclude 
that turning point of a U-shaped EKC takes place between PCI 20000 to 25000 dollars. 
Looking at further examples within Europe we will see that these countries have not been able to drop their CO2 
emissions despite efforts beyond a certain level.  
 
Table 2: Per capita CO2emissions 
Country Year Per Capita CO2 Emissions (tons) Year 2011 Per Capita CO2       
Emissions (tons) 
Austria 1992 7.7 8.3 
Belgium 1991 11.7 9.3 
France 1992 6.7 5.5 
Iceland 1991 7.8 7.0 
Luxembourg 1992 30.0 20.0 
Netherlands 1982 7.5 10.6 
Switzerland 1960 3.6 5.0 
 
The seven mentioned countries seen above are developed countries. As of 2012 they have a combined population of 
110 million. Comparing statistics show that majority number of countries has found a way to reduce per capita CO2 
emissions. The case of Switzerland is most commendable. It shares the minimal increase in per capita CO2 
emissions. In 1960, per capita CO2 emissions of Switzerland was 3.6 tons, this amount peaked at 7 tons in 1973 and 
from then on has been declining to reach 5 tons in 2011. Graphically, Switzerland is parallel to Germany in sharing 
a perfect inverted- U Environmental Kuznets Curve. Although on the other hand, the case of Luxembourg is most 
astonishing. As of 1992, Luxembourg had the world’s highest per capita income at $ 39235. In 2011, it was ranked 
third at $ 115,038. While the highest other, two digits per capita CO2 emitter was Belgium at 11.7 tons, 
Luxembourg was galloping two and a half times more with the world highest per capita income at 30 tons per capita 
of CO2 emissions. This clearly provides the very first trend which proves the Environmental Kuznets Curve 
otherwise. 
Such is the case with Norway. At per capita income of $ 98102 in 2011, Norway displayed per capita CO2 
emissions at 10.6 tons per capita. This shows that the inverted- U shaped curve may not necessarily be achieved 
between PCI 20000 to 25000 dollars. The following is the Environmental Kuznets Curve of Norway – 
 
Figure 5: Norway’s EKC using PCI and CO2 emissions 
 
 
Source: Constructed using data from World data Bank website 
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5. Oceania 
 
The case with Australia is similar to the West. It projects high per capita income with no promise to reduce per 
capita CO2 emissions. Although most recently, in an attempt to reduce CO2 emissions as a whole, Australia has 
promised to join Europe’s carbon trading market. The promise is to link an emissions trading scheme (ETS) with 
Europe. However, currently, this is how Australia’s Environmental Kuznets Curve looks – 
 




Source: Constructed using data from World data Bank website 
 
In 2011, Australia’s per capita CO2 emission was 19 tons at per capita income of $ 60642. On the other hand, 
neighbouring country New Zealand follows the common European trend. With almost half the per capita income 
compared to Australia of $ 34000, the country has not managed to reduce its CO2 emissions from 1990 standards. In 
1992, per capita CO2 emissions were 7.4 tons while in 2011 it was 7.5 tons.  
Similar to Norway, oil exporting country and Australia, a country which does not recognize the Kyoto Protocol 
is the grave consequence of being an economy powered by oil. A group of countries classified as the Organisation of 
the Petroleum Exporting Countries (OPEC). 
 
6. Middle East: OPEC 
 
OPEC is the classic case of Environmental Kuznets Curve failure. In these countries as per capita income 
increases environmental degradation also increases. For the purpose of satisfying this reality which shows that the 
above statement is true, the following table shall provide evidence – 
 
Table 3: Per capita income and CO2emissions 
Country (2011) Per Capita Income in Dollar Per Capita CO2 Emissions 
Kingdom of Saudi Arabia  20540 17.0 
United Arab Emirates 45653 21.0 
Kuwait 62664 32.0 
Qatar 92501 52.0 
 
In the given year oil production increased by 1.1 million barrels a day. This included crude oil, oil sands, shale 
oil and natural gas liquids production. When USA, UK and France attacked Libya, a fellow OPEC nation, in 2011 
its oil production fell. As a result it affected OPEC as a cartel. To offset the loss in production Saudi Arabia took 
initiative for oil production and consequently became the world’s largest producer of oil by end of 2011, with a 13% 
share of total production. Looking at the general trend in these countries, there is heavy investment in green 
technology in the form of infrastructure and particularly directed towards construction of buildings and cities. 
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Winning rights to host the 2022 FIFA World Cup, Qatar has already begun preparations and launched infrastructure 
projects in the seven prime municipalities which will host a football ground. Moreover, Qatar has drafted its Qatar 
National Vision 2030 where it recognizes the need to find alternatives to oil due to depletion and preservation of 
natural resources. It is the country’s first step in history towards Sustainable Development. The neighbouring 
countries might follow suit though as of now have their hands full with meeting world demand for oil and its by-
products.  
The above mentioned countries gather a total population of 35 million. Even though these countries prove that 
the Environmental Kuznets Curve is not applicable in all cases one must realize that if they wished to turn towards 




The continent of Africa is the original green economy. Plagued by local corruption and staggering levels of 
capital intensive technology Africa has a long way before it realizes the Environmental Kuznets Curve. 
Interestingly, it might not be compulsory for African countries to follow the Western model. 
Today, Morocco is investing heavily in wind technology and green education at university level in order to 
create jobs in the concerned field. The Moroccan Integrated Wind Energy Project aims to increase the share of wind 
power in the national energy mix to 14% by 2020. In order to achieve this target Morocco is aiming to install 
capacity of wind power to the extent of 2000 mega-watt (MW) by 2020. The interesting link here is learning from 
where the finance is being mobilised. The Project requires a total of $ 1 billion. The donation is from Kingdom of 
Saudi Arabia ($ 500 million), United Arab Emirates ($ 300 million) and from Hasan II Fund for Economic and 
Social Development ($ 200 million). Simultaneously, Morocco has an equal capacity plan for further renewable 
energy in the form of solar energy.  By 2020, Morocco aims to prevent 3.7 million tons of CO2 emissions a year by 
installing solar energy for electricity generation. Like a typical developing country Morocco’s per capita CO2 
emissions is on the rise at 1.6 tons in 2011, a rise from 1.2 tons in 2001.  
South Africa is a basket of resources being a coal based economy. It hosts three oil refineries, one nuclear power 
station, one uranium field and three fields of Natural Gas. Even though it might not serve as the correct picture, 
South Africa maintains characteristics of an ideal Environmental Kuznets Curve – 
In South Africa, Sustainable Development is a matter of realisation. Environmental concerns in South Africa 
include air pollution due to transportation, impacts of nuclear energy, use of low grade coal, impact of kerosene in 
daily household activities and distribution of renewable energy. South Africa consumes 0.5% of the world’s nuclear 
energy and 0.1% of the world’s hydro electricity. These low figures of development address the need for Sustainable 
Development. 
 
Figure 7: South Africa’s EKC using PCI and CO2 emissions 
 
 
Source: Constructed using data from World data Bank website 
 
In the study so far, we have realized two things – the need for realizing a sustainable future is important, this 
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primarily includes the change in attitude of a country and secondly on realizing this change, the adequate and timely 
shift in investing in a green future. From here on, we shall look at five countries which must work towards timely 
transformation into a green economy. The most appealing factor here is that, irrespective of lack of availability of 
certain natural resources, social, political and economic issues and low levels of income these countries have 
similarities. These countries are of developing status which provides ample opportunity for change and realizing the 
goal in their own way is going to provide an interesting show for the rest of the world. 
 
8. Road Ahead 
 
Going by experience of the West – Germany, Sweden, Singapore and South Korea, countries of the East – 
Brazil, China, India, Iran and Nigeria can find a way towards Sustainable Development before 2050 despite having a 
per capita income of less than $ 20000 as of 2011. While Brazil’s Environmental Kuznets Curve has already been 
illustrated we shall look at the EKC of the other four countries till 2011 and then the way forward for the five 
countries till 2050 using the Environmental Kuznets Curve. 
 
Figure 8: China’s EKC using PCI and CO2 emissions 
 
Source: Constructed using data from World data Bank website 
 
 
Figure 9: India’s EKC using PCI and CO2 emissions 
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Figure 10: Iran’s EKC using PCI and CO2 emissions 
 
Source: Constructed using data from World data Bank website 
 
Figure 11: Nigeria’s EKC using PCI and CO2 emissions 
 
Source: Constructed using data from World data Bank website 
 
Now, we shall look at projected per capita income of these countries till 2050 and determine the year of each of their 
Environmental Kuznets Curve. 
 
Figure 12: Brazil, China, India, Iran and Nigeria Projected Per Capita Income 
 
Source: Constructed using data from Goldman Sachs BRICS Report 
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As seen above, projected per capita income of the five countries is as per 2005 dollar rates. If we compare 2005 
dollars used in the graph on projected PCI to 2010 dollars in individual graphs, $21000 in 2005 dollars equals to 
$9000 for Brazil, $12500 for China, $18000 for Iran, $15000 for India and $10500 for Nigeria.Brazil will reach 
$9000 PCI level in 2005 dollars around 2022, China will reach $12500 PCI level in 2005 dollars around 2030, Iran 
will reach $18000 PCI level around 2043, India will reach $15000 level in 2005 dollars around 2045 and finally 
Nigeria will reach $10500 PCI level in 2005 dollars post 2050. The greatest challenge for developing countries is 
therefore how to reduce this period of transition to minimum number of years possible, in the case of India, from 35 
years to perhaps 20 years to catch up with China. This can be done by either fast growth of PCI or deliberate 
increase in environmentally sustainable methods of production, or ideally a combination of the two. This further 
requires an innovative policy mix. If India succeeds in introducing disruptive policy instruments for sustainable 
growth, it can hope to see a flattened EKC along with China in the early 2030s. India can prove as an example to 
other developing countries whose economic objectives are framed keeping environment and a sustainable future in 
mind. Otherwise, the entire group of developing economies faces the grim prospect of environmental degradation 
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